Introduction
Cytogenetic abnormalities are responsible for a substantial number of children born with birth defects and mental retardation. Chromosomal heteroploidy also causes reproductive loss, expressed as spontaneous abortion or fetal death. Estimates of the incidence of cytogenetic anomalies at human conception have varied from 5% (Hook, 1981) to 50% (Boué et al, 1975 (Martin, 1985) .
It is believed that most meiotic chromosomal abnormalities occur in human females since various studies on the parental origin of the extra chromosome in Down syndrome have demon¬ strated that 70-80% are maternal in origin (Mattei et Juberg & Mowrey, 1983) . Studies on spontaneous abortions suggest an even greater maternal contribution for other trisomies (Hassold et al, 1984) . Human 
Materials and Methods
Criteria for selection of women for the in-vitro fertilization programme at the University of Calgary have been described previously (Whittingham, 1971) , containing 10% heat-inactivated maternal serum. According to the guidelines of the University of Calgary/Foothills Hospital Ethics Committee, the 3 most mature oocytes were selected for in-vitro fertilization. The selection of mature oocytes was based on the expansion and appearance of the corona and the cumulus and the 'glassy' appearance of the cumulus matrix. These methods for ovarian stimulation and oocyte culture have been described in more detail elsewhere (Mahadevan et al, 1983; Mahadevan & Baker, 1984; Mahadevan et al, 1985) .
Morphologically normal oocytes that were not selected for fertilization were transported from the in-vitro fertilization laboratory to the Genetics Research Laboratory in a container of medium in a prewarmed Thermos Flask containing water at 37°C. The oocytes were transferred to Ham's FIO medium (Flow Laboratories, Mississauga, Ontario, Canada) with 0-2% hyaluronidase (Type I-S, Sigma) at 37°C. Removal of cumulus cells was expedited by manipulation with a micropipette. The oocytes were rinsed twice in Hamn's FIO medium and then transferred to a hypotonie solution (1% sodium citrate at room temperature) for 10 min. The oocytes were fixed on glass slides using Tarkowski's technique (Tarkowski, 1966 Fig. 1 (Rohrborn, 1972; Martin et al, 1976; Hansman & Probeck, 1979) . The process of meiotic non-disjunction should produce an equal number of + 1 and -1 gametes.
Therefore the excess of hypohaploid complements is generally ascribed to technical loss of chromosomes during oocyte fixation. However, it is possible that chromosomes are lost during oogénesis through other mechanisms, such as anaphase lag. In a study comparing 1000 human sperm pronuclear chromosomal complements and 1000 hamster oocyte pronuclear complements, we determined that the male pronuclei had an equal frequency of hyperhaploid and hypohaploid complements whereas the female pronuclei had a significant excess of hypohaploid complements (Martin, 1984) . Since chromosome fixation of both male and female pronuclei occurred under the same conditions within the same fertilized oocyte, it is difficult to ascribe the excess of female hypohaploid complements to technical artefact. This does suggest that the process of oogénesis might be more susceptible to chromosome loss than spermatogenesis. It could be argued that since the species are different, the excess of hypohaploid complements is characteristic of the hamster and not female mammals in general. However, this excess of hypohaploid oocytes has been observed in many other female mammals (Rohrborn, 1972; Martin et al, 1976; Hansman & Probeck, 1979) , and was also observed in the human oocytes in this study. Therefore the frequency of numerical abnormalities in human oocytes may be as high as 30%. However since 7 out of 14 hypohaploid complements were missing 2 or 3 chromosomes, it is likely that some of these complements were caused by technical loss of chromosomes. Thus the frequency of aneuploidy in human oocytes probably lies somewhere between these two estimates (4% and 30%).
As well as these studies on unfertilized human oocytes, there have been a small number of studies of human fertilized oocytes and embryos from in-vitro fertilization programmes. Angell et al. (1983) studied three 8-cell human embryos and found that two were aneuploid. Michelmann & Mettler (1985) The study of unfertilized human oocytes allows unambiguous assessment of the maternal contribution to aneuploidy. Data from multipronuclear oocytes would be more valuable if attempts were made to identify the maternal and paternal origin of the pronuclei. If this were possible, more data could be collected to study the intriguing possibility that chromosome loss occurs more frequently in oogénesis than spermatogenesis. Despite the technical difficulties and ethical dilemmas involved in this area of research, the information gained from these studies will be of great benefit in understanding the aetiology of chromosomal abnormalities in humans.
